The antineoplastic agent benzyl isothiocyanate (BITC) acts by targeting multiple pro-oncogenic pathways/genes, including signal transducer and activator of transcription 3 (STAT3); however, the mechanism of action is not well known. As reported previously, BITC induced reactive oxygen species (ROS) in Panc1, MiaPaCa2, and L3.6pL pancreatic cancer cells. This was accompanied by induction of apoptosis and inhibition of cell growth and migration, and these responses were attenuated in cells cotreated with BITC plus glutathione (GSH). BITC also decreased expression of specificity proteins (Sp) Sp1, Sp3, and Sp4 transcription factors (TFs) and several pro-oncogenic Sp-regulated genes, including STAT3 and phospho-STAT3 (pSTAT3), and GSH attenuated these responses. Knockdown of Sp TFs by RNA interference also decreased STAT3/pSTAT3 expression. BITC-induced ROS activated a cascade of events that included down-regulation of c-Myc, and it was also demonstrated that c-Myc knockdown decreased expression of Sp TFs and STAT3. These results demonstrate that in pancreatic cancer cells, STAT3 is an Sp-regulated gene that can be targeted by BITC and other ROS inducers, thereby identifying a novel therapeutic approach for targeting STAT3.
Isothiocyanates (ITCs) 3 are a family of structurally related natural products that are found in cruciferous vegetables such as glucosinolates, which are hydrolyzed by the enzyme myrosinase to give the unconjugated ITCs. Cruciferous vegetables in the diet have been associated with decreased risks for human cancers and exhibit both chemoprevention and chemothera-peutic activities in animal models, and this has primarily been associated with ITCs (1) (2) (3) (4) (5) . Sulforaphane, allyl isothiocyanate, phenethyl isothiocyanate (PEITC), and benzyl isothiocyanate (BITC) have been extensively investigated as anticancer agents, and a recent review summarizes the multiple genes and associated pathways activated by ITCs (4) . Treatment of cancer cells or animal models that develop tumors with ITCs decreases cell growth, induces apoptosis, and inhibits epithelial-to-mesenchymal transition, angiogenesis, and cell cycle progression (6 -16) . ITCs, including BITC, exhibit a broad spectrum of activities that include induction of ROS and ROS-regulated genes, direct inhibition of genes, and formation of peptide and protein adducts (4, 5, (15) (16) (17) . ITCs form adducts with both thiol and amino groups, and the formation of amino adducts forms the basis of the Edman procedure used in protein sequencing (15, 18 -20) . Many of these ITC-induced effects contribute to their anticancer activities; however, a recent study suggests that the alkylation of peptides by ITCs may also be responsible for allergic skin reactions to these compounds (20) .
Studies in this laboratory have focused on specificity protein (Sp) transcription factors (TFs) Sp1, Sp3, and Sp4 as non-oncogene addiction genes in cancer cells, and knockdown of Sp1, Sp3, and Sp4 individually and combined inhibits cell growth, induces apoptosis, and inhibits cell migration/invasion (21) . Drugs that target Sp TFs gave responses similar to those observed after Sp knockdown, and this includes decreased expression of several pro-oncogenic genes, including bcl-2, survivin, p65NFB, ␤-catenin, multiple receptor tyrosine kinases, vascular endothelial growth factor (VEGF), and its receptors (22) (23) (24) (25) (26) (27) (28) (29) (30) . We recently reported that many of the responses/ genes affected by PEITC in pancreatic cancer cells were due to induction of ROS and ROS-dependent down-regulation of Sp1, Sp3, Sp4, and pro-oncogenic Sp-regulated genes (30) . These results complement studies showing that hydrogen peroxide and t-butylhydroperoxide also down-regulate Sp proteins (22, 23, 27) .
BITC is structurally related to PEITC, and both compounds exhibit comparable anticancer activities and modulate expression of some common genes/pathways consistent with their effects on cancer cells (6 -14) . It was also reported that BITC inhibits signal transducer and activator of transcription 3 (STAT3) phosphorylation and down-regulates STAT3 protein (6) , and another study by the same group showed that BITC also induces ROS in pancreatic and other cancer cell lines (31) (32) (33) .
STAT3 is a negative prognostic factor for pancreatic and other cancers (34 -40) , and the functional importance of STAT3 in cancer was aptly summarized in a recent review by Frank (41) . Based on these previous observations, we hypothesized that STAT3 may also be an Sp-regulated gene that can be targeted by ROS-inducing anticancer agents such as BITC, and the results of this study (41) support this hypothesis.
Results
Role of BITC-induced ROS on Cell Growth, Survival, and Invasion-In this study, we used L3.6pL, MiaPaCa2, and Panc1 pancreatic cancer cell lines to investigate the role of ROS in mediating BITC-induced responses. Treatment of the pancreatic cancer cells with 10 M BITC for 1 h significantly induced ROS as determined by FACS analysis using the cell-permeable CM-H 2 DCFDA dye, and cotreatment with GSH significantly decreased ROS induction ( Fig. 1A ). L3.6pL cells were treated with BITC alone resulting in growth inhibition, and after cotreatment with GSH, the growth inhibitory effects were significantly attenuated ( Fig. 1B) . Similar results were obtained in MiaPaCa2 ( Fig. 1C ) and Panc1 ( Fig. 1D ) cells, demonstrating that BITC-induced growth inhibition is ROS-dependent. BITC also induced annexin V staining, a marker of apoptosis, in L3.6pL, MiaPaCa2, and Panc1 cells ( Fig. 2 , A-C), and this response was also significantly attenuated in cells cotreated with GSH. In addition, BITC also induced PARP cleavage in L3.6pL, MiaPaCa2, and Panc1 cells ( Fig. 2D) ; this response was also reversed after cotreatment with GSH. Fig. 2 , E-G, shows that BITC (10 M) also inhibited pancreatic cancer cell invasion in a Matrigel-coated chamber assay, and cotreatment with GSH significantly reversed this response. Thus, BITC-induced ROS plays an important role in mediating inhibition of pancreatic cancer cell growth, induction of apoptosis, and inhibition of invasion.
BITC Decreases Sp TFs and Sp-regulated STAT3 Expression- Fig. 3A illustrates the concentration-dependent effects of BITC on down-regulation of Sp1, Sp3, and Sp4 proteins in pancreatic cancer cell lines. BITC clearly decreases expression of all three Sp TFs. BITC also decreased expression of several previously identified Sp-regulated genes in L3.6pL, MiaPaCa2, and Panc1 cells, including epidermal growth factor receptor (EGFR), hepatocyte growth factor receptor (c-MET), survivin, and cyclin D1 (Fig. 3B ). The role of BITC-induced ROS in mediating Sp down-regulation was also determined, and the results showed that decreased expression of Sp1, Sp3, and Sp4 after treatment with 10 M BITC was significantly reversed after cotreatment with GSH ( Fig. 3C ). Moreover, similar results were observed for Sp-regulated genes EGFR, c-MET, survivin, and cyclin D1 ( Fig.  3D ). We also observed that BITC-induced down-regulation of Sp1, Sp3, and Sp4 in these cell lines was also inhibited after cotreatment with catalase (supplemental Fig. S1 ). Thus, BITC induces ROS and ROS-mediated down-regulation of Sp1, Sp3, and Sp4 in pancreatic cancer cells. Moreover, the functional effects of BITC, namely inhibition of cell growth and migration and induction of apoptosis (Figs. 1 and 2), are similar to those observed after knockdown of Sp1, Sp3, and Sp4 alone or in combination in pancreatic cancer cells (21) , suggesting that these antineoplastic effects induced by BITC are due, in part, to Sp down-regulation.
It was previously reported that BITC decreased expression of phospho-STAT3 (pSTAT3) in pancreatic cancer cells (6) , and we hypothesized that STAT3 may also be an Sp-regulated gene. Treatment of L3.6pL, MiaPaCa2, and Panc1 cells with 5-20 M BITC for 24 h and different times decreased expression of STAT3 and pSTAT3, and significant decreases were observed at the lowest concentration (Fig. 4A ). The sensitivity of these cells to BITC-induced STAT3 down-regulation was similar to that observed for decreased expression of Sp TFs (Fig. 3A) , suggesting that STAT3 may be an Sp-regulated gene. Moreover, BITC (10 M)-induced STAT3 down-regulation (4-h treatment) was inhibited after cotreatment with GSH ( Fig. 4B ). Confirmation that STAT3 was an Sp-regulated gene was determined by RNAi, and knockdown of Sp1, Sp3, Sp4, or Sp1/3/4 (combination) (as reported previously (21) ; lysates from this study were used for STAT3 analysis) decreased STAT3 protein expression ( Fig. 4C ). The Ϫ226 to Ϫ36 proximal promoter region of the STAT3 gene contains GC-rich sequences (42) , and after treatment of Panc1 cells with 10 M BITC for 3 h, we analyzed protein interactions with the STAT3 promoter in a ChIP assay (Fig. 4D ). The pol II, Sp1, Sp3, and Sp4 bound to the GC-rich region of the promoter, and BITC decreased these interactions. A ChIP assay of a distal region of the STAT3 promoter showed that pol II, Sp3, and Sp4 (not Sp1) were associated with the promoter, but BITC did not affect these interactions. Fig. 4E illustrates that knockdown of Sp1, Sp3, and Sp4 or all three combined (Sp1,3,4) is specific for the individual target except for some decrease in Sp4 in Panc1 cells transfected with siSp1 and siSp3 (21) . These results provide further support that STAT3 is an Sp-regulated gene and can be targeted by BITC and other drugs that down-regulate Sp TFs.
Mechanism of BITC-induced Down-regulation of Sp TFs-Previous studies show that ROS induces down-regulation of c-Myc and c-Myc-regulated miR-27a and miR-20a/miR-17-5p in cancer cells (30) , and this results in increased expression of Sp repressor genes ZBTB10 and ZBTB4/ZBTB34, respectively ( Fig. 5A ). Treatment of the pancreatic cancer cells with 10 M BITC Ϯ GSH showed that BITC decreased c-Myc (4 h), and this response was reversed after cotreatment with GSH ( Fig. 5B ). We also examined the time course of BITC-induced downregulation of Sp1, Sp3, Sp4, c-Myc, and Sp-regulated genes and observed initial rapid down-regulation of c-Myc and Sp1 as reported previously for PEITC-induced effects ( Fig. 5C) (30) . BITC also decreased interactions of pol II with the GC-rich proximal promoter region of the c-Myc gene (Fig. 5D ), and this was accompanied by increased methylation of H3K27me3 and decreased acetylation of H4K16Ac as reported previously for ROS-induced Myc down-regulation (30) . BITC (10 M) also decreased miR-17, miR-20a, and miR-27a expression in L3.6pL, MiaPaCa2, and Panc1 cells, and this response was attenuated after cotreatment with GSH ( Fig. 6A ), demonstrating that BITC-mediated down-regulation of c-Myc and miR-17/miR-20a and miR-27a was ROS-dependent. BITC (10 M) also induced ZBTB10, ZBTB4, and ZBTB34 mRNA, which was reversed after cotreatment with GSH ( Fig. 6B ), and induced ZBTB10, ZBTB4, and ZBTB34 protein levels in Panc1 cells at different time points over a 24-h treatment (Fig. 6C) . The importance of c-Myc in mediating the effects of BITC was examined by investigating the growth inhibitory activity of BITC in the presence or absence of c-Myc, which is the key initial target of BITC-induced ROS (Fig. 5A ). The results show that two oligonucleotides that knock down c-Myc ( Fig. 6D ) also decrease cell growth in the pancreatic cancer cell lines (Fig. 6 , E and F). BITC was also a potent inhibitor of cancer cell growth in wild-type cells expressing c-Myc; however, the growth inhibitory effects of BITC were significantly attenuated in c-Mycdepleted cells (Fig. 6 , E and F). These results demonstrate that BITC induces ROS-dependent down-regulation of Sp TFs through the c-Myc 3 miR 3 ZBTB axis (Fig. 5A ), and this parallels previous studies showing that miR antagomirs and overexpression of ZBTB10/ZBTB4 also decrease expression of Sp TFs (21, 30). The key initial event in ROS-dependent down-regulation of Sp TFs is epigenetic down-regulation of c-Myc (30), and subsequent studies show that knockdown of c-Myc by RNA interference (siMyc) decreases Sp1, Sp3, and Sp4 expression via the pathway illustrated in Fig. 5A . The results illustrated in Fig. 7A show that knockdown of c-Myc by RNAi decreased both STAT3 and pSTAT3 proteins; moreover, transfection of miR-27a, miR-20a, and miR-17 antagomirs (Fig. 7B ) also decreased STAT3 expression. Cells were also transfected with ZBTB4, ZBTB10, and ZBTB34 expression plasmids that decreased expression of STAT3 and pSTAT3 proteins (Fig. 7C ). In addition, we also showed that BITC (20 mg/kg/day) inhibited tumor growth in an athymic nude mouse model bearing L3.6pL cells as xenografts ( Fig. 7D ). BITC did not affect body weights (supplemental Fig. S2 ), and Western blotting analysis of tumor lysates showed that Sp1, Sp3, Sp4, and STAT3 were decreased in tumors from BITC-treated mice (Fig. 7E ). These results demonstrate that BITC-dependent repression of STAT3 is due to downregulation of Sp TFs, and this represents a novel approach for targeting STAT3 as part of a chemotherapy regimen.
Discussion
The signal transducer and activator of transcription (STAT) family consists of seven different genes, which include STAT1, DECEMBER 30, 2016 • VOLUME 291 • NUMBER 53 JOURNAL OF BIOLOGICAL CHEMISTRY 27125 STAT2, STAT3, STAT4, STAT5a, STAT5b, and STAT6 (43) . The tissue-specific expression and function of this family of transcription factors is highly variable with STAT2, STAT4, and STAT6 playing a role in normal cellular functions, whereas STAT1, STAT3, and STAT5 have important functions in carcinogenesis and exhibit tumor suppressor (STAT1) and oncogenic (STAT3 and STAT5) activities (44 -46) . Activated STAT3 (phospho-STAT3 (p-STAT3)) in particular is constitutively overexpressed in several tumor types and is a negative prognostic factor for multiple cancers (34 -40) . In pancreatic cancer, high expression of STAT3 is correlated with increased tumor size and stage and lymphatic metastasis (34) , and the prognostic significance of microRNA-130b, which targets STAT3, was inversely correlated with STAT3 (35) . The critical functional importance of STAT3 in cancer is aptly summarized in Ref. 41 . It was previously reported that BITC decreased activation and expression of STAT3 in pancreatic cancer cells (6, 8) , and BITC also induced ROS in some of the same cell lines (31) . Several ROS-inducing anticancer agents, including PEITC, celastrol, betulinic acid, a nitro-NSAID, curcumin, histone deacetylase inhibitors, and methyl 2-cyano-3,12-dioxooleana-1,9-dien-28-oate (bardoxolone-methyl), also decrease DECEMBER 30, 2016 • VOLUME 291 • NUMBER 53
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Sp1, Sp3, and Sp4 and pro-oncogenic Sp-regulated genes (22) (23) (24) (25) (26) (27) (28) (29) (30) 47) . Based on these observations, we hypothesized that STAT3 is also an Sp-regulated gene in pancreatic cancer cells, and this is supported, in part, by the presence of Sp-binding GC-rich boxes in the 5-region of the human STAT3 gene promoter (42) .
Our results confirm that BITC induces ROS in pancreatic cancer cells, and this is accompanied by ROS-dependent inhibition of pancreatic cancer cell growth, survival, and migration/ invasion ( Figs. 1 and 2) . Moreover, like other ROS-inducing anticancer agents (22) (23) (24) (25) (26) (27) (28) (29) (30) , BITC decreases expression of Sp1, Sp3, and Sp4 and pro-oncogenic Sp-regulated genes, including EGFR, c-MET, survivin, and cyclin D1, and similar results were observed for pSTAT3/STAT3 (Fig. 4 ). BITC decreased pSTAT3/STAT3, and this response was also reversed by cotreatment with the antioxidant GSH, and confirmation that STAT3 was an Sp-regulated gene was further demonstrated in Sp knockdown experiments, confirming that STAT3 was coregulated by Sp1, Sp3, and Sp4 (Fig. 4C ). This was further confirmed in a ChIP assay showing that Sp1, Sp3, and Sp4 bound to the proximal GC-rich region of the STAT3 promoter, and BITC treatment resulted in loss of Sp binding (Fig. 4D ).
Previous studies with PEITC in pancreatic cancer cells showed that the mechanism of ROS-dependent down-regulation involved a cascade ( Fig. 5A ) that was initiated by ROSinduced epigenetic down-regulation of c-Myc, which is related to migration of chromatin-modifying complexes from non-GC-rich to GC-rich promoter sequences (30, 47, 48) . Both PEITC and BITC decreased pol II and the H4K16Ac activation mark on the c-Myc promoter ( Fig. 5D ) (30) with some differences in histone methylation marks; the subsequent effects of BITC and PEITC on miR down-regulation and induction of ZBTB genes (Sp repressors) were comparable ( Fig. 5D) (30) . The importance of c-Myc as a critical upstream target of BITCinduced ROS was further confirmed by showing that after c-Myc knockdown, the growth inhibitory effects of BITC were significantly attenuated (Fig. 6, E and F) . These results complement previous studies on Myc knockdown in pancreatic cancer cells, which also decreased miR-27a/miR-20a and expression of Sp1, Sp3, and Sp4 proteins (30) . Drug-dependent activation of ROS and the effects on c-Myc, miRs, and ZBTB transcriptional repressors (Fig. 5A ) have been observed for ROS-inducing histone deacetylase inhibitors in rhabdomyosarcoma cells (47) , and the miR-ZBTB-Sp component of this pathway has also been characterized for several other ROS inducers (25-28, 30, 47) . Our results suggest that the BITC-induced ROS pathway illustrated in Fig. 5A significantly contributes to the anticancer activity of BITC and other ROS inducers.
The development of STAT3 inhibitors, including specific oligonucleotides, is being extensively investigated (49, 50) because of the critical role of STAT3 in carcinogenesis (41, 44 -46) . This study demonstrates a unique approach for targeting STAT3 by ROS-inducing anticancer agents. Moreover, we also demonstrate a relationship between c-Myc and STAT3 where ROS-dependent repression of c-Myc triggers the cascade leading to down-regulation of Sp TFs and STAT3, an Sp-regulated gene. The potential clinical applications of this approach will be dependent on the effectiveness of the drug to induce ROS and the integrity of the pathway leading to Sp down-regulation. Sp1 is a negative prognostic factor for pancreatic cancer patient survival (51) , and the clinical application of BITC and similar agents would be most effective in the sub-set of patients that highly express Sp1 and other Sp TFs.
Materials and Methods
Cell Lines and Reagents-The human pancreatic cancer cell lines, Panc1 and MiaPaCa2, were obtained from the American Type Culture Collection (Manassas, VA). L3.6pL cells were a generous gift from I. J. Fidler, University of Texas MD Anderson Cancer Center. These cell lines were maintained in Dulbecco's modified Eagle's medium (DMEM) with 10% fetal bovine serum (FBS) and 1ϫ antibiotic/antimycotic solution (Sigma). All cells were incubated in a humidified atmosphere composed of 5% CO 2 at 37°C. BITC ( 99%) and GSH (98% pure) were purchased from Sigma.
Measurement of ROS-ROS levels in cells were measured using cell-permeable probe CM-H 2 DCFDA as described in manufacturer's instructions (Life Technologies, Inc.). Briefly, cells were seeded at a density of 1.5 ϫ 10 5 cells per well in 6-well plates in DMEM containing 2.5% charcoal-stripped FBS. The cells were pre-treated with GSH for 30 min and treated with vehicle (DMSO (control)), BITC alone, or a combination of BITC with GSH for 1 h. ROS levels were measured as described previously (25) .
Cell Proliferation and Viability Assays-Cells were seeded at a density of 5 ϫ 10 4 cells per well in 12-well plates with DMEM containing 2.5% charcoal-stripped FBS. After 24 h of plating, the cells were treated with either DMSO or different concentrations of BITC for 0, 24, and 48 h. Cells were then trypsinized and counted after 24 and 48 h using a Coulter Z1 cell counter. For cell viability assays, cells were plated in 96-well plates at a density of 3 ϫ 10 3 per well. Cells were treated as described for FIGURE 7 . Knockdown of c-Myc, miRNAs, and overexpression of ZBTBs down-regulates STAT3, and BITC inhibits xenograft tumor growth. A, L3.6pL, MiaPaCa2, and Panc1 cells were transfected with an siRNA targeting c-Myc, and whole cell lysates were subjected to Western blotting analysis for c-Myc, phosphorylation of STAT3 at Ser-727, and total STAT3 expression. B and C, L3.6pL, MiaPaCa2, and Panc1 cells were transfected with antago-miR-17, miR-20a, and miR-27a (B) or pCMV-ZBTB4, ZBTB10, and ZBTB34 (C) overexpression vectors. The whole cell lysates were analyzed for ZBTB4, ZBT10, and ZBTB34 phosphorylation of STAT3 at Ser-727 and total STAT3 expression. D, L3.6pL cells were injected into athymic nu/nu mice, and relative tumor weights after treatment with corn oil (control) or BITC were determined as described under "Materials and Methods." E, protein lysates from control and BITC-treated xenograft tumor tissues were subjected to Western blotting analysis for STAT3, Sp1, Sp3, and Sp4 protein expression. Results are shown in D are expressed as mean Ϯ S.E. for seven animals in each group, and significant (p Ͻ 0.05) changes by BITC (*) are indicated. Individual proteins were normalized to ␤-actin and controls (solvent-treated) for each protein were set at 1.0. cell proliferation assays for 48 h, and 20 l MTT reagents (5 mg/ml) were added to each well and incubated for 3 h. After removal of the media, 200 l of DMSO was added to each well, and absorbance was measured at 595 nm.
Measurement of Apoptosis-Cells at a density of 5 ϫ 10 4 were plated in a 2-well Lab-Tek TM II Chamber Slide TM (Thermo Scientific, Waltham, MA). Cells were pretreated with GSH for 3 h and treated with DMSO, BITC, or a combination of BITC with GSH for 24 h. Cells were then stained using the apoptosis assay kit according to the manufacturer's protocol (Biotium, Inc., Hayward, CA). Briefly, cells were stained with 5 l of FITC/annexin V and Hoechst 33342 for 15 min. After three washes with 1ϫ binding buffer, the annexin V staining was observed under a fluorescence microscope. Six randomly selected fields were selected to quantify the staining.
Cell Invasion Assay-Cells (1 ϫ 10 5 ) with serum-free media were added to the upper surface of the pre-coated Matrigel insert, and the bottom chamber contained 10% FCS. Cells were subsequently treated with DMSO, BITC, or a combination of BITC with GSH for 24 h. The assay was carried out as described previously (52) . After incubation for 24 h at 37°C, the noninvading cells were removed from the upper surface of the insert. The cells invading to the lower surface of the insert were fixed with 4% paraformaldehyde for 10 min and stained with 0.5% crystal violet. The stained cells were counted in six randomly selected fields per insert. Cell invasion was determined using a Corning BioCoat Matrigel Invasion Chamber (Corning, Bedford, MA) according to the manufacturer's instructions.
Western Blotting Analysis-Cells were seeded at a density of 3 ϫ 10 5 per well in 6-well plates and allowed to attach for 24 h. After various treatments, the whole cell lysates were subjected to Western blotting analysis. Total proteins were extracted by using RIPA lysis buffer containing 10 mM Tris-HCl (pH 7.4), 150 mM NaCl, 1 mM EDTA, 1% Triton X-100 (w/v), 0.5% sodium deoxycholate, and 0.1% SDS with protease and phosphatase inhibitor mixture. The equal amounts of protein were separated in 10% SDS-PAGE and transferred to a nitrocellulose membrane. The membranes were incubated with primary antibodies overnight at 4°C. The following primary antibodies were used: phospho-STAT3 (Ser-727), total STAT3, survivin, cleaved PARP, c-Met, cyclin D, and c-Myc were from Cell Signaling (Boston, MA); Sp1 and ZBTB34 were from Abcam (Cambridge, MA); and ZBTB10 was from Bethyl Laboratories Inc. (Montgomery, TX). All other antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). The corresponding HRP-conjugated secondary IgG antibodies were used, and immuno-reacted proteins were detected with chemiluminescence reagent.
Chromatin Immunoprecipitation (ChIP) Assay-Panc1 cells (5 ϫ 10 6 ) were treated with BITC for 3 h and subjected to ChIP analysis using the ChIP-IT Express magnetic chromatin immunoprecipitation kit (Active Motif, Carlsbad, CA) according to the manufacturer's protocol. After treatment, cells were crosslinked with 1% formaldehyde, and then the reaction was stopped by addition of glycine. The cells were scraped with PBS and lysed with lysis buffer containing protease inhibitor mixture and PMSF. Nuclei were separated, and chromatin was sheared by sonication (10 pulses of 10 s at 25 A). The sonicated chromatins were immunoprecipitated with normal IgG (Santa Cruz Biotechnology), RNA pol II (GeneTex, Irving, CA), H3K27me3 (Abcam), H3K4me3 (Abcam), H4K16Ac (Active Motif), Sp1 (Abcam), Sp3 and Sp4 (Santa Cruz Biotechnology) with protein A-conjugated magnetic beads at 4°C for 12 h. DNA was extracted from immunoprecipitates and subjected to PCR amplification with following primers: STAT3 promoter non-GC-rich, 5Ј-TATTACCCTCACTGGGTTCT-3Ј (sense) and 5Ј-CTC CTC TAG GCT TCC TTC TAT-3Ј (antisense); STAT3 promoter GC-rich, 5Ј-aca cgc act ggg acc tct g-3Ј (sense) and 5Ј-ttg ttc cct cgg ctg cga c-3Ј (antisense); and c-Myc promoter, 5Ј-GCC CTT TCC CCA GCC TTA GC-3Ј (sense) and 5Ј-AAC CGC ATC CTT GTC CTG TGA GTA-3Ј (antisense). PCR products were resolved on a 2% agarose gel in the presence of Green Glo DNA dye (Denville Scientific Inc., Holliston, MA).
Real Time Polymerase Chain Reaction (RT-PCR)-Real time PCR was used to measure expression of miR-17, miR-20a, and miR-27a and mRNA expression of ZBTB4, ZBTB10, and ZBTB34 following GSH and BITC treatment. Cells at a density of 4 ϫ 10 5 were plated in a 60-mm dish, and then cells were allowed to attach for 24 h. Cells were pretreated with GSH for 3 h and treated with DMSO, BITC, or in combination of BITC with GSH for 3 h. Total RNA was extracted using the mirVana miRNA isolation kit (Ambion, Austin, TX) according to the manufacturer's instructions. TaqMan microRNA assays (Life Technologies, Inc.) were used to quantify the expression of miR-17, miR-20a, and miR-27a, and RNU6 was used as a control to determine relative miRNA expression. For ZBTB4, ZBTB10, and ZBTB34 mRNA expression, RNA was reversetranscribed and amplified by using iTaq Universal SYBR Green One-Step kit (Bio-Rad). The following primers were used: TBP, 5Ј-TGC ACA GGA GCC AAG AGT GAA-3Ј (sense) and 5Ј-CAC ATC ACA GCT CCC CAC CA-3Ј (antisense); ZBTB4, 5Ј-ACC TGT GCA GGA ATT TCC AC-3Ј (sense) and 5Ј-GAG CGG CCA AGT TAC TGA AG-3Ј (antisense); ZBTB10, 5Ј-GCT GGA TAG TAG TTA TGT TGC-3Ј (sense) and 5Ј-CTG AGT GGT TTG ATG GAC AGA-3Ј (antisense); and ZBTB34, 5Ј-GCC AGC TTT CTT CAG ATG CAG TG-3Ј (sense) and 5Ј-CTC TTC AGC ACC GAC GGT AAC A-3Ј (antisense). TBP was used as a control to determine relative mRNA expression.
RNA Interference, Antagomir, and Overexpression Assays-Small interfering RNAs (siRNAs) for c-Myc were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). siRNAs for Sp1, Sp3, and Sp4 were purchased from Sigma. Antagomirs for miR-17, miR-20a, and miR-27a were obtained from Ambion (Austin, TX). Cells were seeded at a density of 6 ϫ 10 4 per well in 6-well plates in DMEM with 2.5% charcoal-stripped FBS without antibiotic and left to attach for 24 h. The siRNAs, antagomirs, or pCMV-ZBTB4, ZBT10, and ZBTB34 overexpression vectors were transfected with Lipofectamine 2000 according to the manufacturer's instructions. After 72 h of transfection, cells were harvested and used for subsequent analysis. The Sp knockdown studies in Panc1, L3.6pL, and MiaPaCa2 cells and effects on Sp1, Sp3, and Sp4 expression have been reported (21) , and the lysates were used for determining STAT3 and pSTAT3. DECEMBER 30, 2016 • VOLUME 291 • NUMBER 53
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Xenograft Study-Female athymic nu/nu mice of 4 -6 weeks old were purchased from Harlan Laboratories (Houston, TX). L3.6pL cells were harvested and suspended at a concentration of 1 ϫ 10 6 cells in 100 l of DMEM with ice-cold Matrigel (1:1 ratio) and injected subcutaneously into either side of the flank area of nude mice. Seven days after tumor cell inoculation, mice were randomized and treated every other day with either vehicle (corn oil) or BITC (20 mg/kg body weight) in a volume of 100 l injected intraperitoneally. All mice were weighed once a week over the course of treatment to monitor changes in body weight. The xenografted tumors were relatively deep, and we were unable to determine accurate tumor volumes. All animals were sacrificed after 21 days of treatment, and tumor weights were determined. All animal studies were carried out according to the procedures approved by the Texas A&M University Institutional Animal Care and Use Committee.
Statistical Analysis-Statistical significance of differences between the groups was determined by Student's t test. The results are presented with three independent experiments as mean with standard error at 95% confidence intervals. Results were considered statistically significant at a p value of less than 0.05.
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